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A Multicenter, Randomized, Placebo- Controlled Trial of 
Atorvastatin for the Primary Prevention of Cardiovascular 
Events in Patients With Rheumatoid Arthritis
George D. Kitas,1 Peter Nightingale,2 Jane Armitage,3 Naveed Sattar,4 Jill J. F. Belch,5 and  
Deborah P. M. Symmons,6 on behalf of the TRACE RA Consortium
Objective. Rheumatoid arthritis (RA) is associated with increased cardiovascular event (CVE) risk. The impact of 
statins in RA is not established. We assessed whether atorvastatin is superior to placebo for the primary prevention 
of CVEs in RA patients.
Methods. A randomized, double- blind, placebo- controlled trial was designed to detect a 32% CVE risk reduction based 
on an estimated 1.6% per annum event rate with 80% power at P < 0.05. RA patients age >50 years or with a disease 
duration of >10 years who did not have clinical atherosclerosis, diabetes, or myopathy received atorvastatin 40 mg daily or 
matching placebo. The primary end point was a composite of cardiovascular death, myocardial infarction, stroke, transient 
ischemic attack, or any arterial revascularization. Secondary and tertiary end points included plasma lipids and safety.
Results. A total of 3,002 patients (mean age 61 years; 74% female) were followed up for a median of 2.51 years 
(interquartile range [IQR] 1.90, 3.49 years) (7,827 patient- years). The study was terminated early due to a lower than 
expected event rate (0.70% per annum). Of the 1,504 patients receiving atorvastatin, 24 (1.6%) experienced a pri-
mary end point, compared with 36 (2.4%) of the 1,498 receiving placebo (hazard ratio [HR] 0.66 [95% confidence 
interval (95% CI) 0.39, 1.11]; P = 0.115 and adjusted HR 0.60 [95% CI 0.32, 1.15]; P = 0.127). At trial end, patients 
receiving atorvastatin had a mean ± SD low- density lipoprotein (LDL) cholesterol level 0.77 ± 0.04 mmoles/liter lower 
than those receiving placebo (P < 0.0001). C- reactive protein level was also significantly lower in the atorvastatin 
group than the placebo group (median 2.59 mg/liter [IQR 0.94, 6.08] versus 3.60 mg/liter [IQR 1.47, 7.49]; P < 0.0001). 
CVE risk reduction per mmole/liter reduction in LDL cholesterol was 42% (95% CI −14%, 70%). The rates of adverse 
events in the atorvastatin group (n = 298 [19.8%]) and placebo group (n = 292 [19.5%]) were similar.
Conclusion. Atorvastatin 40 mg daily is safe and results in a significantly greater reduction of LDL cholesterol lev-
el than placebo in patients with RA. The 34% CVE risk reduction is consistent with the Cholesterol Treatment Trialists’ 
Collaboration meta- analysis of statin effects in other populations.
INTRODUCTION
Despite major advances in therapy over the last two de­
cades, rheumatoid arthritis (RA) continues to be associated with 
reduced life expectancy compared to the general population (1). 
Almost half of all deaths in RA (~35–40% of the excess deaths) 
are attributed to cardiovascular disease (CVD) (2). There are many 
mechanisms that may underlie the increased CVD morbidity and 
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mortality in RA, but their cross­ talk and relative contributions are 
not yet fully elucidated. CVD risk factors, including smoking, hyper­
tension, dyslipidemia, increased adiposity, and reduced physical 
activity, are highly prevalent in RA (3) but do not fully account for 
the excess CVD (4). A significant part is attributed to “novel” CVD 
risk factors, such as “high­ grade” inflammation promoting athero­
thrombotic cardiovascular events (CVEs) (4,5). Risk algorithms 
developed for the general population may underestimate CVE risk 
in patients with RA (6–8), even when multipliers are applied, as 
in recently updated European League Against Rheumatism rec­
ommendations (9). This makes identification of RA patients who 
would benefit from primary prevention therapy less precise, leads 
to significant underuse of statins even in patients who fulfill general 
population thresholds for statin treatment (10), and has led some 
to suggest universal prescription of statins in RA (11), as practiced 
in diabetes mellitus (DM).
The efficacy of statins in the primary and secondary preven­
tion of CVEs has been demonstrated in large­ scale trials and meta­ 
analyses (12). CVE reduction is related to the degree of reduction 
of low­ density lipoprotein (LDL) cholesterol levels. Each millimole 
per liter reduction in LDL cholesterol is associated with a 20–22% 
reduction in the risk of myocardial infarction (MI), revascularization, 
and stroke (12). In RA, high­ grade inflammation is associated with 
suppression of total cholesterol, LDL cholesterol, and high­ density 
lipoprotein (HDL) cholesterol levels, as well as changes in lipid struc­
ture and function, promoting atherosclerosis (13,14). The potential 
pleiotropic antiinflammatory/immunomodulatory effects of statins 
(15) may therefore be more relevant in RA than in the general pop­
ulation. In the Trial of Atorvastatin in Rheumatoid Arthritis (TARA), 
atorvastatin 40 mg daily, as an adjunct to disease­ modifying anti­
rheumatic drug (DMARD) therapy, provided a modest additional 
benefit for control of inflammation in RA, at least in a subgroup of 
patients (16), while the Tayside controlled study of rosuvastatin in 
RA suggested a potentially beneficial effect on C­ reactive protein 
(CRP) levels (17). The extent to which statins affect lipid levels and 
reduce CVEs in RA remains uncertain, due to the small number of 
RA patients included in general population trials (18).
The lack of robust primary prevention data, coupled with the 
multifaceted pharmacologic potential of statins in RA suspected 
at that time, prompted the Trial of Atorvastatin for the Primary 
Prevention of Cardiovascular Events in Patients with Rheumatoid 
Arthritis (TRACE RA), the only statin trial with hard CVE end points 
in this population.
PATIENTS AND METHODS
Study design. TRACE RA was a multicenter, randomized, 
double­ blind, placebo­ controlled trial comparing atorvastatin 
40 mg once daily (supplied by Pfizer UK) with placebo (dummy 
atorvastatin) for the primary prevention of CVEs in patients with 
RA. The trial was conducted in 102 rheumatology units in the 
UK, approved by the Southampton and South West Hampshire 
 Multicentre Research Ethics Committee (Ref. No 06/Q1704/171), 
and registered with International Standard Randomised Controlled 
Trial Number 41829447. The final protocol is available at https ://
www.staff net.manch ester.ac.uk/rbe/ethics­integ rity/clini cal­trial s/
portf olio/trace ra/ and in Supplementary Methods 1, available on 
the Arthritis & Rheumatology web site at http://onlin elibr ary.wiley.
com/doi/10.1002/art.40892/ abstract. See Appendix A for study 
centers and members of the TRACE RA Consortium.
Participants. Patients were eligible if they fulfilled the Amer­
ican College of Rheumatology 1987 criteria for RA (19), were >50 
years of age or had an RA disease duration of >10 years, and 
gave informed consent. Patients taking statins and those with 
known CVD requiring statins, DM, myopathy, or other contrain­
dications to statins were excluded (see Supplementary Methods 
1). Recruiting centers continued their routine practice for screen­
ing (or not) for cardiovascular risk. There were no restrictions with 
regard to RA treatment prior to or during the trial period, other 
than the requirement that patients receive stable doses of anti­
rheumatic medication for the 3 months prior to inclusion in the 
study. Potentially eligible patients were identified during routine 
clinical visits, given the patient information sheet, and invited to 
contact the local trial team if they were interested in participat­
ing. A screening visit was then arranged. All patients recruited 
 provided written informed consent.
Randomization and masking. Trial medication was pro­
vided by Pfizer UK, bottled by an independent pharmaceutical 
company (Catalent Pharma Solutions UK) to good manufacturing 
practice standards, and dispensed by the local study pharmacist. 
The randomization process was incorporated into the drug label­
ing. Center was the only stratifying variable. Catalent performed the 
randomization, labeled each bottle with a unique number, and sup­
plied the packaged drugs to hospital pharmacies with scratch cards 
to allow a patient’s treatment allocation to be revealed, if necessary. 
On entering the trial, each patient was given a filled and labeled 
bottle, coded with a unique study number, which was used for all 
future supplies for that patient. Study treatment remained double­ 
blind for patients, investigators, and study personnel throughout.
Procedures. The trial comprised 3 stages: 1) a screening 
visit to confirm patient eligibility, secure consent, counsel (ver­
bally and with a leaflet) patients on modifiable cardiovascular risk 
factors, and randomize patients (there was no run­ in period); 
2) a 3­ month visit to check drug tolerability and safety (by liver 
function tests and creatine kinase [CK] level); and 3) an intended 
minimum 5­ year treatment period. At the screening visit, base­
line information on demographic characteristics, medical history, 
family history of premature CVD, smoking status, and concom­
itant medication was obtained through interview and case note 
review. The presence of hypertension was assessed by the case 
report form question, “Is the patient known to have hypertension?” 
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Height, weight, and waist circumference were measured. RA dis­
ease activity, severity (physical function), and quality of life were 
assessed using the Disease Activity Score in 28 joints (DAS28) 
(20), the UK version of the Health Assessment Questionnaire 
(HAQ) (21) disability index (DI), and the EuroQol 5­ domain (EQ­ 
5D) instrument (22), respectively. Blood samples were collected 
for routine measurements of hematologic features, biochemical 
features, erythrocyte sedimentation rate, CRP, rheumatoid factor, 
and/or anti–cyclic citrullinated peptide antibodies.
The protocol did not require measurement of lipid levels at 
baseline. The results of any lipid measurements that had been 
requested routinely in primary or secondary care over the previous 
12 months were recorded in the clinical trial record. If there was 
more than 1 lipid measurement, the most recent was used. Gen­
eral practitioners (GPs) were informed if patients were found to 
have hypertension, DM, or an existing indication for statins (e.g., 
known hyperlipidemia, DM, or previously known high CVD risk 
[according to standard guidelines] requiring a statin for primary or 
secondary prevention).
Randomized patients were followed up at 3 and 6 months 
and every 6 months thereafter in person or by telephone. Infor­
mation on trial efficacy and safety end points, disease activity, 
severity, and concomitant medication was collected at each 
visit. Patients were asked if they had taken “most,” “some,” or 
“none” of their tablets. Patients were considered compliant if they 
reported taking “most” of their study tablets since their last visit. 
Study drug administration could be paused, if necessary, for up to 
4 weeks without violating the protocol. Patients who experienced 
a validated primary end point had no further trial visits but were 
followed up for mortality via linkage with national death registers. 
Secondary prevention in these patients was decided by the GP 
and/or treating physician. Patients who were withdrawn from the 
study for reasons other than a primary end point continued to 
attend follow­ up visits to facilitate adverse event and clinical end 
point data collection. Patients who developed a clinical need for a 
statin, other than a primary end point, after randomization could 
be prescribed up to 40 mg of atorvastatin in addition to the ran­
domized trial medication and remain in the trial.
Outcome measures. The prespecified primary end point 
was “major vascular events,” defined as nonfatal MI, nonfatal pre­
sumed ischemic stroke, transient ischemic attack (TIA), any cor­
onary or non­ coronary revascularization, or cardiovascular death, 
excluding both confirmed cerebral hemorrhage (International Sta­
tistical Classification of Diseases and Related Health Problems, 
Tenth Revision [ICD­ 10] codes I64–I99) (23) and non­ coronary 
cardiac death (ICD­ 10 codes I00–I15 and I26–I52), occurring dur­
ing the scheduled treatment period. Secondary end points were 
the separate components of the primary end point. Tertiary end 
points included total and cause­ specific mortality (coronary, other 
vascular, and nonvascular death separately); hospitalizations; 
statin safety­ related outcomes (persistent elevation of alanine 
transaminase [ALT] or aspartate transaminase [AST] or myopathy 
[muscle symptoms plus CK >10× the upper limit of normal (ULN)]; 
and between­ group differences at study end in lipid levels and 
health­ related outcomes (physical function and quality of life).
Additional information about all potential primary end points 
was collected from medical records, death certificates, and post­
mortem examinations (where available). An independent trial 
end points committee reviewed such information on all potential 
CVEs and deaths and classified them according to prespecified 
criteria (see Supplementary Methods 1). Information about hos­
pital admissions was ascertained via linkage, using each patient’s 
unique National Health Service number, with the Health and Social 
Care Information Centre (HSCIC) for England and Wales and the 
Scottish Office’s Information and Statistics Division (ISD), and the 
local hospital medical records departments. Information on mor­
tality and cause of death was obtained via linkage with the HSCIC 
and ISD. Patients were asked at each visit about adverse events 
including muscle pain, and ALT, AST, and CK were measured at 3 
months. Liver function tests were also performed regularly (usually 
every 2–3 months) as part of routine DMARD monitoring. At the 
final study visit, patients were asked to provide a blood sample for 
lipid and CRP analysis. These samples were shipped to a single 
laboratory and measured, blinded with regard to treatment group, 
on an automated validated platform (c311; Roche Diagnostics) 
using the manufacturer’s calibrators and quality control material. 
Between­ run coefficients of variation were all <5.2%. LDL choles­
terol level was estimated using the Friedewald equation (24).
Statistical analysis. The original protocol (Supplementary 
Methods 2, available on the Arthritis & Rheumatology web site 
at http://onlin elibr ary.wiley.com/doi/10.1002/art.40892/ abstract) 
anticipated that a trial of 3,800 patients followed up for 5 years 
would have sufficient statistical power to detect plausible risk 
reduction with atorvastatin. However, a lower than expected 
event rate led to a protocol amendment (Supplementary Methods 
3, available on the Arthritis & Rheumatology web site at http://
onlin elibr ary.wiley.com/doi/10.1002/art.40892/ abstract). The final 
protocol specified a sample size of 5,400, which would have had 
80% power to detect a 32% relative risk reduction in the primary 
end point in the atorvastatin versus placebo arms based on 434 
primary events (Supplementary Methods 1 and Supplementary 
Figure 1, available on the Arthritis & Rheumatology web site at 
http://onlin elibr ary.wiley.com/doi/10.1002/art.40892/ abstract). 
However, the ongoing much lower­ than­ anticipated CVE rate led 
to premature termination of the trial.
All randomized patients were included in the analysis up to 
December 20, 2012 or the end of trial visit, whichever was ear­
lier, irrespective of whether the study drug was continued (i.e., 
intent­ to­ treat analyses). Cox regression models were devel­
oped for time to occurrence of a first CVE using treatment allo­
cation as the independent variable. The models were stratified 
by center and adjusted for baseline imbalances, compliance, 
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and nonstudy statin use (the latter two as time­ dependent vari­
ables using a previously described method [25]). All adjustments 
were prespecified in the protocol and the statistical analysis plan 
(Supplementary Methods 4, available on the Arthritis & Rheu-
matology web site at http://onlin elibr ary.wiley.com/doi/10.1002/
art.40892/ abstract). Treatment differences were expressed as 
hazard ratios (HRs) with 95% confidence intervals (95% CIs). 
P values less than 0.05 (2­ sided) were considered significant. 
Kaplan­ Meier product­ limit estimates of the survival curves were 
calculated. Lipid levels and levels of blood tests monitoring stat in 
safety were compared between groups using Mann­ Whitney 
tests. All analyses were performed with SPSS Statistics for Win­
dows, version 22.0 (IBM).
RESULTS
Trial progress. Between August 7, 2007 and Novem­
ber 21, 2011, 3,002 patients with RA from 102 centers were 
randomized (1,504 to receive atorvastatin and 1,498 to receive 
placebo). Their mean age was 61 years (228 [7.6%] of 3,002 
patients were <50 years of age), and 74% were women. They 
were followed up for a median of 2.51 years (interquartile range 
[IQR] 1.90, 3.49 years), providing 7,827 person­ years of fol­
low­ up. At the time of trial closure (December 31, 2011), the 
observed event rate in the 2 arms combined was 0.70% per 
annum compared with the expected 1.6% per annum. Trial prog­
ress is shown in Figure 1 and Supplementary Table 1, available 
Figure 1. Trial profile. A total of 3,002 patients from 102 UK rheumatology centers were randomized in the Trial of Atorvastatin for the Primary 
Prevention of Cardiovascular Events in Patients with Rheumatoid Arthritis (TRACE RA). Of those, 1,504 were randomized to receive atorvastatin 
40 mg daily and 1,498 were randomized to receive matching placebo. A detailed breakdown of follow­ up during the course of the trial is shown 
in Supplementary Table 1, available on the Arthritis & Rheumatology web site at http://onlin elibr ary.wiley.com/doi/10.1002/art.40892/ abstract. 
All randomized patients were included in the intent­ to­ treat analysis for the primary and secondary end points. Variable numbers of patients, 
based on data availability, were used for analyses of other outcomes.
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Table 1. Baseline characteristics of the patients randomized to receive atorvastatin or placebo*
Atorvastatin 40 mg 
(n = 1,504)
Placebo 
(n = 1,498)
Demographic/anthropometric characteristics
Sex, female 1,107/1,504 (74) 1,120/1,498 (75)
Age, mean ± SD years (n) 61.1 ± 8.3 (1,500) 60.9 (8.5) (1491)
Race, white 1,394/1,421 (98) 1,407/1,430 (98)
BMI, median (IQR) (n) 26.4 (23.7, 30.1) (1,466) 26.8 (24.0, 30.1) (1,432)
RA characteristics
Time since symptom onset, median (IQR) years (n) 13 (6, 21) (1,471) 13 (6, 21) (1,460)
Time since diagnosis, median (IQR) years (n) 11 (4, 18) (1,499) 11 (5, 20) (1,489)
RF and/or ACPA positive 737/1,177 (63) 709/1,153 (62)
DAS28, median (IQR) (n) 3.7 (2.6, 4.7) (1,471) 3.5 (2.5, 4.6) (1,471)
HAQ DI score, median (IQR) (n) 1.25 (0.50, 1.88) (1,473) 1.25 (0.38, 1.88) (1,464)
EQ- 5D, median (IQR) (n) 0.62 (0.52, 0.80) (1,422) 0.689 (0.52, 0.80) (1,408)
Treatment
Biologic DMARDs 229/1,466 (16) 232/1,458 (16)
Conventional synthetic DMARDs 1,264/1,466 (86) 1,241/1,458 (85)
Steroids 253/1,466 (17) 241/1,458 (17)
NSAIDs/coxibs 629/1,466 (43) 554/1,458 (38)
Cardiovascular characteristics
Smoking status
Current smoker 260/1,422 (18) 209/1,431 (15)
Ex- smoker 606/1,422 (43) 637/1,431 (45)
Never smoked 556/1,422 (39) 585/1,431 (41)
Hypertension 322/1,456 (22) 335/1,437 (23)
First degree relative with premature CVD 285/1,321 (22) 263/1,304 (20)
Total cholesterol, median (IQR) mmoles/liter (n) 5.4 (4.8, 6.1) (845) 5.3 (4.8, 6.0) (832)
Triglycerides, median (IQR) mmoles/liter (n) 1.26 (0.90, 1.80) (673) 1.30 (0.90, 1.80) (652)
HDL cholesterol, median (IQR) mmoles/liter (n) 1.56 (1.2, 1.90) (719) 1.52 (1.25, 1.85) (700)
LDL cholesterol, median (IQR) mmoles/liter (n) 3.2 (2.7, 3.8) (544) 3.2 (2.7, 3.8) (530)
CRP, median (IQR) mg/liter (n) 5 (3, 11) (780) 5 (3, 12) (776)
Estimated GFR, median (IQR) ml/minute/1.73 m2 (n) 79 (59, 110) (1,124) 79 (58, 111) (1,109)
Treatment
Aspirin 3/116 (3) 3/126 (2)
ACE inhibitors 10/113 (9) 10/127 (8)
Other cardiac drugs 10/113 (9) 10/123 (8)
* The variable number of patients for each characteristic is due to missing data from incomplete case report forms. The 
low number of baseline lipid measurements is because, due to budgetary constraints, the protocol did not require mea-
surement of lipid levels at baseline. In the UK, it is the responsibility of primary care physicians to assess their patients for 
cardiovascular risk and to prescribe statins for primary prevention where indicated according to national guidelines. The 
Trial of Atorvastatin for the Primary Prevention of Cardiovascular Events in Patients with Rheumatoid Arthritis (TRACE RA) 
aimed to recruit patients who did not have cardiovascular disease (CVD) at baseline and who were not already taking a 
statin for primary prevention. If lipid levels had been measured routinely in the 12 months prior to recruitment (in prima-
ry or secondary care), the results were recorded in the trial case report form. Except where indicated otherwise, values 
are the number of patients/number for whom data were available (%). BMI = body mass index; IQR = interquartile range; 
RA = rheumatoid arthritis; RF = rheumatoid factor; ACPA = anti–citrullinated protein antibody; DAS28 = Disease Activity 
Score in 28 joints; HAQ DI = Health Assessment Questionnaire disability index; EQ- 5D = EuroQol 5- domain; DMARDs = 
disease- modifying antirheumatic drugs; NSAIDs = nonsteroidal antiinflammatory drugs; HDL = high- density lipoprotein; 
LDL = low- density lipoprotein; CRP = C- reactive protein; GFR = glomerular filtration rate; ACE = angiotensin- converting 
enzyme. 
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on the Arthritis & Rheumatology web site at http://onlin elibr ary.
wiley.com/doi/10.1002/art.40892/ abstract.
Baseline characteristics of the patients. At base­
line, the randomized groups were well balanced for all 
demographic, anthropometric, and RA characteristics, anti­
rheumatic and other therapies, and CVD risk factors, except 
for current smoking and nonsteroidal antiinflammatory drug 
(NSAID) or cyclooxygenase 2 inhibitor (coxib) treatment, which 
were higher in the atorvastatin group than in the placebo group 
(18.4% versus 14.5% for current smoking and 42.9% versus 
38.0% for NSAID or coxib treatment). A total of 40.3% of the 
patients had low disease activity according to the DAS28 or 
were in remission (DAS28 ≤3.2), 86% were receiving stable 
doses of conventional synthetic DMARDs, 16% were receiv­
ing biologic DMARDs, and 17% were receiving steroid therapy 
(Table 1 and Supplementary Table 2, available on the Arthri-
tis & Rheumatology web site at http://onlin elibr ary.wiley.com/
doi/10.1002/art.40892/ abstract).
Compliance and nonstudy statin use. In the atorva­
statin group, reported compliance fell from 89% at the 3­ month 
visit to 39% by 60 months of follow­ up, while nonstudy statin 
use increased from 0.5% to 5.6%. In the placebo group, com­
pliance fell from 89% to 25% and nonstudy statin use increased 
from 0.7% to 7.8% (Supplementary Table 3, available on the 
Arthritis & Rheumatology web site at http://onlin elibr ary.wiley.
com/doi/10.1002/art.40892/ abstract). Time­ weighted average 
compliance was 66% in the atorvastatin arm and 65% in the 
placebo arm. Time­ weighted nonstudy statin use was 1.6% in 
the atorvastatin arm and 3.3% in the placebo arm.
Primary end point. Twenty­ four patients allocated to 
receive atorvastatin (1.6%) had a confirmed CVE, compared to 
36 (2.4%) of the patients allocated to receive placebo (HR 0.66 
[95% CI 0.39, 1.11]; P = 0.115). After adjustment for baseline dif­
ferences, compliance, and nonstudy statin use, the HR was 0.60 
(95% CI 0.32, 1.15) (P = 0.127). Based on the number of events, 
the numbers of patients, and the mean follow­ up time in each 
arm, the number needed to treat to prevent 1 CVE during the trial 
was 121. Kaplan­ Meier analysis of time to primary end point in 
the 2 groups is shown in Figure 2, and the cumulative incidence 
of first CVE in the 2 groups is shown in Figure 3. The estimated 
reduction in CVE risk per 1 mmole/liter reduction in LDL choles­
terol level was 42% (95% CI −14%, 70%) (Supplementary Figure 
2, available on the Arthritis & Rheumatology web site at http://
onlin elibr ary.wiley.com/doi/10.1002/art.40892/ abstract). This was 
calculated by extrapolating the HR of 0.66 for a 0.77 mmoles/liter 
reduction to an HR of 0.66 to the power of (1/0.77) for a 1 mmole/
liter reduction, i.e., an HR of 0.58 or a CVE risk reduction of 42%.
Secondary end points. Individual components of the pri-
mary end point. Coronary events (nonfatal MI, coronary death, or 
coronary revascularization) occurred in 13 (0.9%) of the patients 
in the atorvastatin group versus 23 (1.5%) of the patients in the 
placebo group. Presumed ischemic stroke or TIA occurred in 6 
(0.4%) of the patients in the atorvastatin group versus 12 (0.8%) 
of the patients in the placebo group, and any non­ coronary arte­
rial revascularization occurred in 3 (0.2%) of the patients in the 
atorvastatin group versus 1 (0.1%) of the patients in the placebo 
group. No other cardiovascular death occurred in either group. A 
peripheral atherosclerotic event occurred in 1 (0.1%) of the patients 
in the atorvastatin group and none of the patients in the placebo 
Figure 2. Kaplan­ Meier plots of time to first cardiovascular event (CVE) for patients in the atorvastatin and placebo groups. HR = hazard ratio; 
95% CI = 95% confidence interval.
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group, and suspected coronary heart disease death occurred in 2 
(0.1%) of the patients in the atorvastatin group versus 1 (0.1%) of 
the patients in the placebo group (Supplementary Table 4, availa­
ble on the Arthritis & Rheumatology web site at http://onlin elibr ary.
wiley.com/doi/10.1002/art.40892/ abstract).
Total and cause- specific mortality. Total and cause­ specific 
mortality (coronary, other vascular, and nonvascular deaths sep­
arately) did not differ between the 2 arms (25 deaths in the ator­
vastatin arm [1.7%] and 27 deaths in the placebo arm [1.8%]) 
(Supplementary Table 4).
Safety outcomes. There were no suspected unexpected 
serious adverse reactions. There were 298 reported adverse 
events in the atorvastatin arm (19.8%) and 292 in the placebo arm 
(19.5%) (P = 0.854) (Table 2).
Two hundred fourteen (14.2%) of the patients in the ator­
vastatin group versus 223 (14.9%) of the patients in the placebo 
group had ≥1 hospitalization, with an identical median stay of 3 
days (IQR 1, 6 days). There were no differences in the number 
of hospitalizations per patient (P = 0.710 by Kendall’s  tau­ b) or 
in the proportion of patients with ≥1 hospitalization (P  =  0.641 
by Fisher’s exact test) (Supplementary Table 5, avail able on the 
Arthritis & Rheumatology web site at http://onlin elibr ary.wiley.com/
doi/10.1002/art.40892/ abstract).
Life­ threatening but nonfatal serious adverse events (SAEs) 
occurred in 22 patients in the atorvastatin group versus 24 patients 
in the placebo group, while SAEs resulting in death occurred in 19 
and 18 patients, respectively. None were considered to be related 
to trial medication. The randomization code was broken at the site 
in 3 cases in the atorvastatin arm (due to liver cysts with elevated 
ALT level, acute hepatitis, and abnormal findings on liver function 
tests) and 2 cases in the placebo arm (due to high grade lym­
phoma and chest infection), none of which was attributed to trial 
medication.
There were 64 reports of “RA flare” (significant worsening of 
RA symptoms), 29 in the atorvastatin group and 35 in the placebo 
group. There were 249 reports of “new or significant muscle pain,” 
132 in the atorvastatin group versus 117 in the placebo group 
(P = 0.354). Of these, 13 (9 patients in the atorvastatin group versus 
4 patients in the placebo group) had concurrent ALT or AST eleva­
tion of >2× the ULN, which was neither sustained nor considered 
to be related to the trial medication. Three of these patients (2 in 
the atorvastatin group and 1 in the placebo group) were withdrawn 
from the trial by the local principal investigator. None of the patients 
had a CK elevation of >10× the ULN. Two patients (1 in each group) 
had unsustained CK elevations of 3–10× the ULN; neither was 
considered to be due to trial medication. No asymptomatic cases 
of CK elevation were detected either on monitoring per protocol or 
during routine DMARD monitoring. There were no cases of ALT or 
AST elevation of >5× the ULN on per protocol testing, but there 
were 6 cases outside protocol testing (all unsustained and consid­
ered unrelated to trial medication). Overall, there were 159 cases 
of ALT or AST elevation of 2–5× the ULN (90 in the atorvastatin 
group and 69 in the placebo group; P = 0.103), none of which was 
sustained or attributed to trial medication.
Biochemical and arthritis outcomes at the end of the 
trial. At the end of the trial, mean LDL cholesterol levels were 0.77 
mmoles/liter lower among those allocated to receive atorva statin 
compared to those allocated to receive placebo. In the atorvastatin 
group, 54% of the patients were classified as compliant at the end­ 
of­ trial visit. There were no significant differences between groups 
Figure 3. Cumulative incidence of first cardiovascular event (CVE) for patients in the atorvastatin and placebo groups. HR = hazard ratio; 95% 
CI = 95% confidence interval.
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in RA disease activity (DAS28), severity (HAQ DI), or quality of life 
(EQ­ 5D). However, CRP levels were significantly lower in the ator­
vastatin group (median 2.59 mg/liter [IQR 0.94, 6.08]) than in the 
placebo group (median 3.60 mg/liter [IQR 1.47, 7.49]) (P < 0.0001). 
Although levels of CK and ALT (but not AST) were statistically sig­
nificantly higher (by ~12–15%) in the atorvastatin group (Table 3), 
these differences are not considered clinically significant. The num­
ber of cases of myopathy and elevations of liver enzyme levels 
above the normal range were similar in the 2 groups. In the end­ 
of­ trial analysis of the atorvastatin group, lipid, ALT, and CRP levels 
were significantly associated with compliance (data not shown).
DISCUSSION
TRACE RA was designed to assess whether patients with 
RA who were not already receiving statin therapy would ben­
efit from atorvastatin 40 mg daily for the primary prevention of 
CVEs. In this study, the largest ever academically­ led clinical 
trial in RA, >3,000 RA patients were recruited and followed up 
for a median of 2.5 years. The unexpectedly low event rate 
and resulting limited statistical power to detect an effect during 
the planned 5 years of follow up led to premature termination 
of the trial. The best estimate of the “true” reduction in CVEs 
in the atorvastatin versus placebo arm is 34%. Using a 95% 
confidence level we cannot rule out any effect size between a 
61% reduction and an 11% increase. Thus, our results were 
not statistically significant. The observed 34% reduction is 
consistent with the Cholesterol Treatment Trialists’ Collabora­
tion meta­ analysis of the effect of statins in other populations 
(12). Furthermore, in this potentially vulnerable population, 
atorvastatin was safe, with no excess reports of muscle pain 
or other significant symptoms among those allocated atorva­
statin compared to those receiving placebo.
There were several reasons such a trial was needed. CVD 
remains a major cause of death (5) and is significantly increased 
in people with RA compared to the general population (26), a fact 
recognized by the addition of RA as an independent risk factor in 
CVD risk algorithms such as QRISK2 (27) and QRISK3 (28). The 
relative contribution of classic CVD risk factors and novel mecha­
nisms related to systemic inflammation to the excess CVD mortal­
ity of RA is still debated (4,29,30), and there have been no clinical 
end point trials assessing the effect of statins, or any other primary 
prevention strategy, in this population. Some small studies have 
shown that statins reduce surrogate measures of atheroscle­
rotic events, for example, arterial stiffness (31) or carotid plaque 
(32), while a few cohort studies have suggested that statin use is 
associated with survival gains (33) and statin discontinuation with 
poorer survival (34) in RA. Finally, post hoc analyses of two trials 
of more intensive versus standard statin doses have suggested 
that the effect of statins, in terms of both LDL cholesterol reduc­
tion and CVE prevention, is similar in subjects with “inflammatory 
joint disease,” including RA, and those without joint inflammation; 
however these findings were based on a very small number of 
patients and events (18).
Randomization in TRACE RA was stratified only by study 
site in the expectation that, given the large numbers, baseline 
 variables would distribute evenly between the treatment arms. 
However, baseline current smoking and NSAID/coxib usage, both 
well­ established risk factors for CVEs (35,36), were higher in the 
atorvastatin group. Although every effort was made to maximize 
adherence to the trial medication during the trial, adherence rates 
in TRACE RA were relatively low. Adherence to trial medication in 
statin trials varies widely (37). This appears to depend on many 
factors, including the population studied, whether it is for primary 
or secondary prevention, trial design (e.g. inclusion of a “run­ in” 
period), trial duration, and method of assessing adherence, 
among others. Adherence to statin treatment in real­ world use is 
generally accepted to be <50% (37,38). In this context, the adher­
Table 2. Adverse events according to ICD­ 10 chapter by treatment 
arm*
Atorvastatin 
40 mg 
(n = 1,504)
Placebo 
(n = 1,498)
Infectious and parasitic disease 16 (1.1) 15 (1.0)
Neoplasms 28 (1.9) 30 (2.0)
Blood and blood- forming 
organs and immune system 
disease
5 (0.3) 2 (0.1)
Endocrine, nutritional, and 
metabolic disease
1 (0.1) 1 (0.1)
Mental and behavioral disorder 2 (0.1) 1 (0.1)
Nervous system 4 (0.3) 10 (0.7)
Eye and adnexa 8 (0.5) 5 (0.3)
Ear and mastoid disease 2 (0.1) 0 (0.0)
Circulatory disease 40 (2.7) 45 (3.0)
Respiratory disease 33 (2.2) 38 (2.5)
Digestive system disease 37 (2.5) 28 (1.9)
Skin and subcutaneous system 
disease
12 (0.8) 8 (0.5)
Musculoskeletal and connec-
tive tissue disease
20 (1.3) 22 (1.5)
Genitourinary system disease 13 (0.9) 11 (0.7)
Symptoms, signs, and abnormal 
clinical and laboratory findings 
not classified elsewhere 
8 (0.5) 10 (0.7)
Injury, poisoning 18 (1.2) 16 (1.1)
External causes of morbidity 
and mortality
23 (1.5) 19 (1.3)
None 111 (7.4) 97 (6.5)
Missing 14 (0.9) 14 (0.9)
Any adverse event 298 (19.8) 292 (19.5)
* Values are the number (%) of patients. ICD- 10 = International 
Statistical Classification of Diseases and Related Health Problems, 
Tenth Revision. 
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ence observed in TRACE RA, although disappointing, is probably 
not particularly poor. Prespecified adjusted analyses for baseline 
differences, compliance, and nonstudy statin use resulted in an 
HR of 0.60 (95% CI 0.32, 1.15) (P = 0.127).
From a clinical perspective, the safety outcomes are as 
important as CVE reduction. RA patients typically have multiple 
comorbidities (39) and polypharmacy (40), often with potentially 
hepatotoxic drugs. Virtually all participants in TRACE RA were 
receiving potentially hepatotoxic therapies such as methotrex­
ate, but all patients receiving methotrexate were also prescribed 
folic acid. The 40 mg daily dose of atorvastatin is also of inter­
est, as there are few randomized data on safety for this dose. 
 Reassuringly, the type and severity of adverse events, the rate of 
hospitalizations, elevations of liver or muscle enzyme levels, inci­
dence of myalgia, and worsening of RA were all similar in the 2 
arms. These results suggest that atorvastatin 40 mg (and lower 
doses) is safe to use in patients with RA who are already receiving 
DMARD therapy.
Clinically assessed RA disease activity, severity, and quality 
of life were not significantly different between the 2 groups at the 
end of the trial. However, consistent with data from other studies 
(16,17), levels of CRP were significantly lower, by ~1 mg/liter, in 
the atorvastatin group than in the placebo group. This difference 
is unlikely to be clinically significant in the context of RA disease 
activity.
Since TRACE RA was terminated early because the CVE 
rate was much lower than expected, it is not surprising that 
the HR for the primary end point was not significant. The 
observed number of primary outcomes provides <20% power 
to detect the relative risk reduction of 32% specified in the 
final protocol and provides adequate power (>80%) only to 
detect a relative risk reduction of >68%. The results for the pri­
mary outcome are therefore best represented as the estimated 
HR and its associated confidence interval. When the trial was 
designed (2002–2004), the assumption of a 1.6–1.8% annual 
event rate seemed, if anything, conservative. A meta­ analysis 
of mortality studies in RA published prior to 2005 demon­
strated a meta–standardized mortality ratio of 1.5 (1). Annual 
CVE rates ranged from 2.5–5% (26). Possible explanations for 
the lower­than­expected observed event rate in TRACE RA 
include: 1) event rates in randomized trials are always lower 
than in observational studies and the “healthy volunteer” effect 
may have been more pronounced than usual; 2) TRACE RA, 
by design, excluded patients with the highest baseline CVE 
risk since these patients were already being treated or had a 
recommendation for a statin; 3) TRACE RA participants were 
Table 3. Lipid levels and other outcomes at trial end by treatment arm*
Atorvastatin 40 mg 
(n = 1,504)
Placebo 
(n = 1,498)
Difference (atorvastatin 
minus placebo) P†
Lipid variable, mean ± SEM (n)
Total cholesterol, mmoles/liter 4.13 ± 0.04 (987) 4.86 ± 0.04 (973) −0.72 ± 0.05 <0.0001
Triglycerides, mmoles/liter 1.10 ± 0.02 (987) 1.26 ± 0.03 (973) −0.16 ± 0.03 <0.0001
HDL cholesterol, mmoles/liter 1.41 ± 0.01 (987) 1.30 ± 0.01 (972) 0.11 ± 0.02 <0.0001
LDL cholesterol, mmoles/liter 2.21 ± 0.03 (985) 2.98 ± 0.03 (965) −0.77 ± 0.04 <0.0001
Other variables, median (IQR) (n)
CK, units/liter 94 (69, 135) (986) 84 (60, 118) (971) – <0.0001
CRP, mg/liter 2.59 (0.94, 6.08) (987) 3.60 (1.47, 7.49) (972) – <0.0001
ALT, units/liter 24.0 (17.4, 33.0) (987) 20.8 (15.5, 27.7) (973) – <0.0001
AST, units/liter 36.2 (28.5, 46.7) (987) 35.6 (27.5, 46.6) (973) – 0.185
Clinical outcomes, median (IQR) (n)
EQ- 5D score 0.66 (0.52, 0.80) (1,062) 0.70 (0.52, 0.80) (1,079) – 0.301
HAQ DI score 1.25 (0.38, 1.88) (1,105) 1.25 (0.38, 1.97) (1,124) – 0.644
DAS28 score 3.3 (2.3, 4.4) (997) 3.3 (2.4, 4.4) (1,023) – 0.515
DAS28 category, no./no. available (%) 0.368
High (>5.1) 133/997 (13.3) 129/1,023 (12.6) –
Moderate (>3.2, ≤5.1) 391/997 (39.2) 428/1,023 (41.8) –
Low (>2.6, ≤3.2) 153/997 (15.3) 171/1,023 (16.7) –
Remission (≤2.6) 320/997 (32.1) 295/1,023 (28.8) –
* All patients attending the end- of- trial visit (1,211 per arm) were invited to provide blood samples for measurement of lipid levels and other 
variables. Of these patients, ~83% in each study arm agreed. HDL = high- density lipoprotein; LDL = low- density lipoprotein; IQR = inter-
quartile range; CK = creatine kinase; CRP = C- reactive protein; ALT = alanine transaminase; AST = aspartate transaminase; EQ- 5D = EuroQol 
5- domain; HAQ DI = Health Assessment Questionnaire disability index. 
† By t- test for lipid levels, by Kendall’s tau- b for Disease Activity Score in 28 joints (DAS28) category, and by Mann- Whitney tests for all other 
comparisons. 
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younger than in other statin trials and were predominantly 
female (as expected from RA disease demographics); and 4) 
<20% of participants had high disease activity at baseline.
There is increasing evidence that good disease control 
reduces the progression of subclinical atherosclerosis in RA 
patients (41,42) and is associated with better cardiovascular out­
comes. Therefore, an additional explanation for the low event rate 
observed in TRACE RA might have been a significant increase 
in the use of DMARDs, particularly biologic DMARDs, during the 
course of the trial. However, this was not the case. The use of 
prednisolone (in terms of frequency and average daily dosage), 
conventional synthetic DMARDs, and biologic DMARDs at base­
line was balanced between the atorvastatin and placebo groups 
and remained so during the trial. There was not any significant 
increase in the use of biologic DMARDs during the trial in either 
group (Supplementary Section 1, available on the Arthritis & Rheu-
matology web site at http://onlin elibr ary.wiley.com/doi/10.1002/
art.40892/ abstract). Some recent studies suggest a modest 
decline in CVE rates, mirroring those observed in the general 
population (43,44), while others demonstrate a very substantial 
decline in CVE rates in RA (45). Although it is possible that CVEs 
may have been missed in both the atorvastatin and placebo arms, 
we believe this is unlikely due to the robust CVE capture system 
including regular patient review (80% of the patients attended the 
end­ of­ trial visit in both arms) and linkage with several national 
electronic data sources. Information from data linkage was avail­
able for all patients.
Overall, the findings of TRACE RA have important implications 
for clinical practice and research. The large randomized statin trials 
have shown that statin therapy reduces CVE risk by approximately 
one­ third, regardless of the level of background risk. Neverthe­
less, most guidelines recommend therapy only for those whose 
estimated individual 10­ year or lifetime risk falls above a certain 
threshold, for reasons of cost and risk/benefit ratio (46). TRACE 
RA suggests that contemporary RA patients are likely to derive the 
same level of benefit from statins as other populations. However, 
the low event rate shows that there is a sizeable population of 
RA patients (even among those older than 50 years or with >10 
years of disease duration) who have a relatively low CVD risk. This 
finding does not support prescribing statins to all RA patients, one 
of the main questions addressed by this trial. Instead, the  decision 
to prescribe should be based on assessment of the individual 
RA patient’s risk using, at present, the relevant national or inter­
national recommendations and risk assessment tools (9), while 
disease­ specific algorithms are developed and validated (47). In 
terms of future research, TRACE RA provides information about 
effect and sample sizes that may be helpful in the design of future 
trials investigating CVD prevention strategies in RA, whether these 
are based on cardiovascular interventions, intensive inflammatory 
disease control, or both.
In conclusion, TRACE RA suggests that atorvastatin 40 mg daily 
is safe for the primary prevention of CVEs in patients with RA and 
appears to confer a similar degree of risk reduction in these patients 
as in other populations. CVE rates are decreasing in this population. 
This finding requires further investigation and does not support a pri­
mary prevention strategy involving statin use in all RA patients.
ACKNOWLEDGMENTS
We thank all participants; local principal investigators and 
their teams; the Chair of the Trial Steering Committee, Dr. Gordon 
Lowe; members of the Trial Steering Committee, Data Monitoring 
Committee, and Trial Endpoints Committee; trial managers; and 
staff. We also thank Dr. Paul Welsh, Elaine Butler, and Josephine 
Cooney (University of Glasgow) for organizing and conducting the 
end­ of­ trial biochemical assays.
AUTHOR CONTRIBUTIONS
All authors were involved in drafting the article or revising it criti­
cally for important intellectual content, and all authors approved the final 
version to be published. Dr. Kitas had full access to all of the data in the 
study and takes responsibility for the integrity of the data and the accu­
racy of the data analysis.
Study conception and design. Kitas, Nightingale, Armitage, Sattar, 
Belch, Symmons.
Acquisition of data. Kitas, Sattar, Belch, Symmons.
Analysis and interpretation of data. Kitas, Nightingale, Armitage, Sattar, 
Belch, Symmons.
REFERENCES
 1. Aviña­Zubieta JA, Choi HK, Sadatsafavi M, Etminan M, Esdaile JM, 
Lacaille D. Risk of cardiovascular mortality in patients with rheu­
matoid arthritis: a meta­ analysis of observational studies. Arthritis 
Rheum 2008;59:1690–7.
 2. Kitas GD, Gabriel SE. Cardiovascular disease in rheumatoid arthritis: 
state of the art and future perspectives. Ann Rheum Dis 2011;70:8–14.
 3. Radner H, Lesperance T, Accortt NA, Solomon DH. Incidence and 
prevalence of cardiovascular risk factors among patients with rheu­
matoid arthritis, psoriasis, or psoriatic arthritis. Arthritis Care Res 
(Hoboken) 2017;69:1510–8.
 4. Solomon DH, Kremer J, Curtis JR, Hochberg MC, Reed G, Tsao P, 
et al. Explaining the cardiovascular risk associated with rheumatoid 
arthritis: traditional risk factors versus markers of rheumatoid arthritis 
severity. Ann Rheum Dis 2010;69:1920–5.
 5. Nurmohamed MT, Heslinga M, Kitas GD. Cardiovascular comorbidi­
ty in rheumatic diseases. Nat Rev Rheumatol 2015;11:693–704.
 6. Arts EE, Popa C, Den Broeder AA, Semb AG, Toms T, Kitas GD, 
et al. Performance of four current risk algorithms in predicting car­
diovascular events in patients with early rheumatoid arthritis. Ann 
Rheum Dis 2015;74:668–74.
 7. Alemao E, Cawston H, Bourhis F, Al M, Rutten­van Molken M, Liao 
KP, et al. Comparison of cardiovascular risk algorithms in patients 
with vs without rheumatoid arthritis and the role of C­ reactive protein 
in predicting cardiovascular outcomes in rheumatoid arthritis. Rheu­
matology (Oxford) 2017;56:777–86.
 8. Arts EE, Popa CD, Den Broeder AA, Dongers R, Sandoo A, Toms T, 
et al. Prediction of cardiovascular risk in rheumatoid arthritis: perfor­
mance of original and adapted SCORE algorithms. Ann Rheum Dis 
2016;75:674–80.
 9. Agca R, Heslinga SC, Rollefstad S, Heslinga M, McInnes IB, Peters 
MJ, et al. EULAR recommendations for cardiovascular disease risk 
ATORVASTATIN FOR PRIMARY PREVENTION OF CVD IN RA |      1447
management in patients with rheumatoid arthritis and other forms 
of inflammatory joint disorders: 2015/2016 update. Ann Rheum Dis 
2017;76:17–28.
 10. Toms TE, Panoulas VF, Douglas KM, Griffiths H, Sattar N, Smith JP, 
et al. Statin use in rheumatoid arthritis in relation to actual cardiovas­
cular risk: evidence for substantial undertreatment of lipid­ associated 
cardiovascular risk? Ann Rheum Dis 2010;69:683–8.
 11. Piepoli MF, Hoes AW, Agewall S, Albus C, Brotons C, Catapano 
AL, et al. 2016 European Guidelines on cardiovascular disease 
prevention in clinical practice: The Sixth Joint Task Force of the 
European Society of Cardiology and Other Societies on Cardio­
vascular Disease Prevention in Clinical Practice (constituted by 
representatives of 10 societies and by invited experts)—devel­
oped with the special contribution of the European Association for 
Cardiovascular Prevention & Rehabilitation (EACPR). Eur Heart J 
2016;37:2315–81.
 12. Cholesterol Treatment Trialists’ (CTT) Collaboration, Baigent C, 
Blackwell L, Emberson J, Holland LE, Reith C, et al. Efficacy and 
safety of more intensive lowering of LDL cholesterol: a meta­ analysis 
of data from 170,000 participants in 26 randomised trials. Lancet 
2010;376:1670–81.
 13. Toms TE, Symmons DP, Kitas GD. Dyslipidaemia in rheumatoid ar­
thritis: the role of inflammation, drugs, lifestyle and genetic factors. 
Curr Vasc Pharmacol 2010;8:301–26.
 14. Myasoedova E, Crowson CS, Kremers HM, Roger VL, Fitz­Gibbon 
PD, Therneau TM, et al. Lipid paradox in rheumatoid arthritis: the 
impact of serum lipid measures and systemic inflammation on the 
risk of cardiovascular disease. Ann Rheum Dis 2011;70:482–7.
 15. Kwak B, Mulhaupt F, Myit S, Mach F. Statins as a newly recognised 
type of immunomodulator. Nat Med 2000;6:1399–402.
 16. McCarey DW, McInnes IB, Madhok R, Hampson R, Scherbak­
ov O, Ford I, et al. Trial of Atorvastatin in Rheumatoid Arthritis 
(TARA): double­ blind, randomised placebo­ controlled trial. Lancet 
2004;363:2015–21.
 17. Kumar P, Kennedy G, Khan F, Pullar T, Belch JJ. Rosuvastatin 
might have an effect on C­ reactive protein but not on rheumatoid 
disease activity: Tayside randomized controlled study. Scott Med J 
2012;57:80–3.
 18. Semb AG, Kvien TK, DeMicco DA, Fayyad R, Wun CC, LaRosa JC, 
et al. Effect of intensive lipid­ lowering therapy on cardiovascular out­
come in patients with and those without inflammatory joint disease. 
Arthritis Rheum 2012;64:2836–46.
 19. Arnett FC, Edworthy SM, Bloch DA, McShane DJ, Fries JF,  Cooper 
NS, et al. The American Rheumatism Association 1987 revised cri­
teria for the classification of rheumatoid arthritis. Arthritis Rheum 
1988;31:315–24.
 20. Prevoo ML, van ‘T Hof MA, Kuper HH, van Leeuwen MA, van de 
Putte LB, van Riel PL. Modified disease activity scores that in­
clude twenty­ eight–joint counts: development and validation in a 
 prospective longitudinal study of patients with rheumatoid arthritis. 
Arthritis Rheum 1995;38:44–8.
 21. Kirwan JR, Reeback JS. Stanford Health Assessment Questionnaire 
modified to assess disability in British patients with rheumatoid ar­
thritis. Br J Rheumatol 1986;25:206–9.
 22. EuroQol Group. EuroQol: a new facility for the measurement of 
health­ related quality of life. Health Policy 1990;16:199–208.
 23. International Statistical Classification of Diseases and Related Health 
Problems, tenth revision. Geneva: World Health Organization; 1992.
 24. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concen­
tration of low­ density lipoprotein cholesterol in plasma, without use 
of the preparative ultracentrifuge. Clin Chem 1972;18:499–502.
 25. Riedel AA, Nelson M, Joseph­Ridge N, Wallace K, MacDonald P, 
Becker M. Compliance with allopurinol therapy among managed 
care enrollees with gout: a retrospective analysis of administrative 
claims. J Rheumatol 2004;31:1575–81.
 26. Avina­Zubieta JA, Thomas J, Sadatsafavi M, Lehman AJ, Lacaille D. 
Risk of incident cardiovascular events in patients with rheumatoid 
arthritis: a meta­ analysis of observational studies. Ann Rheum Dis 
2012;71:1524–9.
 27. Hippisley­Cox J, Coupland C, Vinogradova Y, Robson J, Minhas 
R, Sheikh A, et al. Predicting cardiovascular risk in England and 
Wales: prospective derivation and validation of QRISK2. BMJ 
2008;336:1475–82.
 28. Hippisley­Cox J, Coupland C, Brindle P. Development and validation 
of QRISK3 risk prediction algorithms to estimate future risk of car­
diovascular disease: prospective cohort study. BMJ 2017;357:j2099.
 29. England BR, Thiele GM, Anderson DR, Mikuls TR. Increased car­
diovascular risk in rheumatoid arthritis: mechanisms and implica­
tions. BMJ 2018;361:k1036.
 30. Innala L, Möller B, Ljung L, Magnusson S, Smedby T, Södergren A, 
et al. Cardiovascular events in early RA are a result of inflammato­
ry burden and traditional risk factors: a five year prospective study. 
 Arthritis Res Ther 2011;13:R131.
 31. Van Doornum S, McColl G, Wicks IP. Atorvastatin reduces arteri­
al stiffness in patients with rheumatoid arthritis. Ann Rheum Dis 
2004;63:1571–5.
 32. Rollefstad S, Ikdahl E, Hisdal J, Olsen IC, Holme I, Hammer HB, 
et  al. Rosuvastatin­ induced carotid plaque regression in patients 
with inflammatory joint diseases: the ROsuvastatin in Rheumatoid 
Arthritis, Ankylosing Spondylitis and other inflammatory joint diseas­
es study. Arthritis Rheumatol 2015;67:1718–28.
 33. Schoenfeld SR, Lu L, Rai SK, Seeger JD, Zhang Y, Choi HK. Statin 
use and mortality in rheumatoid arthritis: a general population­ based 
cohort study. Ann Rheum Dis 2016;75:1315–20.
 34. De Vera MA, Choi H, Abrahamowicz M, Kopec J, Lacaille D.  Impact 
of statin discontinuation on mortality in patients with rheumatoid 
arthritis: a population­ based study. Arthritis Care Res (Hoboken) 
2012;64:809–16.
 35. Symmons DP, Gabriel SE. Epidemiology of CVD in rheumatic disease, 
with a focus on RA and SLE. Nat Rev Rheumatol 2011;7:399–408.
 36. Roubille C, Richer V, Stamino T, McCourt C, McFarlane A, Fleming 
P, et al. The effects of tumour necrosis factor inhibitors, methotrex­
ate, non­ steroidal anti­ inflammatory drugs and corticosteroids on 
cardiovascular events in rheumatoid arthritis, psoriasis and psoriat­
ic arthritis: a systematic review and meta­ analysis. Ann Rheum Dis 
2015;74:480–9.
 37. Vonbank A, Drexel H, Agewall S, Lewis BS, Dopheide JF, Kjeldsen 
K, et al. Reasons for disparity in statin adherence between clinical 
trials and real­ world observations: a review. Eur Heart J Cardiovasc 
Pharmacother 2018;4:230–6.
 38. Hope HF, Binkley GM, Fenton S, Kitas GD, Verstappen SM, 
 Symmons DP. Systematic review of the predictors of statin  adherence 
for the primary prevention of cardiovascular disease. PLoS One 
2019;14:e0201196.
 39. Nikiphorou E, Norton S, Carpenter L, Dixey J, Andrew Walsh D, Kie­
ly P, et al, on behalf of the Early Rheumatoid Arthritis Study and 
the Early Rheumatoid Arthritis Network Cohorts. Secular changes 
in clinical features at presentation of rheumatoid arthritis: increase 
in comorbidity but improved inflammatory states. Arthritis Care Res 
(Hoboken) 2017;69:21–7.
 40. Treharne GJ, Douglas KM, Iwaszko J, Panoulas VF, Hale ED, Mitton 
DL, et al. Polypharmacy among people with rheumatoid arthritis: the 
role of age, disease duration and comorbidity. Musculoskeletal Care 
2007;5:175–90.
 41. Arida A, Protogerou AD, Konstantonis G, Fragiadaki K, Kitas GD, 
Sfikakis PP. Atherosclerosis is not accelerated in rheumatoid arthritis 
KITAS ET AL 1448       |
of low activity or remission, regardless of antirheumatic treatment 
modalities. Rheumatology (Oxford) 2017;56:934–9.
 42. Arts EE, Fransen J, Den Broeder AA, van Riel PL, Popa CD. Low 
disease activity (DAS28≤3.2) reduces the risk of first cardiovascular 
event in rheumatoid arthritis: a time­ dependent Cox regression anal­
ysis in a large cohort study. Ann Rheum Dis 2017;76:1693–9.
 43. Van den Hoek J, Roorda LD, Boshuizen HC, Tijhuis GJ, Dekker J, 
van den Bos GA, et al. Trend in and predictors for cardiovascular mor­
tality in patients with rheumatoid arthritis over a period of 15 years: a 
prospective cohort study. Clin Exp Rheumatol 2016;34:813–9.
 44. Humphreys JH, Warner A, Chipping J, Marshall T, Lunt M, Symmons 
DP, et al. Mortality trends in patients with early rheumatoid arthri­
tis over 20 years: results from the Norfolk Arthritis Register. Arthritis 
Care Res (Hoboken) 2014;66:1296–301.
 45. Myasoedova E, Gabriel SE, Matteson EL, Davis JM III, Therneau TM, 
Crowson CS. Decreased cardiovascular mortality in patients with in­
cident rheumatoid arthritis (RA) in recent years: dawn of a new era in 
cardiovascular disease in RA? J Rheumatol 2017;44:732–9.
 46. National Institute for Health and Care Excellence. Cardiovascular 
disease: risk assessment and reduction, including lipid modifica­
tion—clinical guideline (CG181). URL: https ://www.nice.org.uk/gui­
da nce/cg181 .
 47. Solomon DH, Greenberg J, Curtis JR, Liu M, Farkouh ME, Tsao P, 
et al. Derivation and internal validation of an expanded cardiovas­
cular risk prediction score for rheumatoid arthritis: a Consortium of 
Rheumatology Researchers of North America registry study. Arthritis 
Rheumatol 2015;67:1995–2003.
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